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COMPLETE SPECEFICATiaN 

Heat Stabilized Vinyl Chloride Polymer Composilions 

We, W. R. Grace 8c Co^ a Corporation organized and existing under the laws 
of the State of Connecticut, United States of America, of 7, Ebnover Square, New 
York 5, New York, United States of America, do hereby declare the invcntioQ for 
which we pray that a patent may be granted to us, and the method by wiiich it is to 
5 be performed, to be particularly descrftjed in and by the following statement: — 5 
The present invention relates to tbe stabilization of vinyl chloride homopolymers 
and copolymers against heat. 

It is well known that vinyl chloride containing resins degrade at elevated tem- 
peratures. When vinyl chloride homopolymers and copdymcn arc moulded at tem- 
10 peratures in excess of about 150*^C they tend to discolour. Serious discoloration 10 
occurs even in the relatively short time required for a moulding operation. 

Numerous stabilizers have hitherto been suggested for use in vinyl chloride type 
resins. The most satisfactory of these stabilizers are tin, lead and cadmium compounds. 
These compounds, while performing satisfactorily where toxicity is not a problem, 
*5 cannot be used if the treated pdyoaer is l&ely to come into contaa with foodstuffs, 15 
In our Specification No. 1,I10>958 we have described and claimed heat stabilized 
compositions which comprise vinyl diloride homopolymers or copolymen and, as 
stabilizer, an wtho ester of die formula Ri— C(OR%, wherein Rt represents an alkyl 
radical of 6 to 20 carbon atoms, or a phenyl group substituted by halogen or nitro and 
20 R represents an alkyl group of 1 to 12 carbon atoms; or dp the fonnula 20 
X-f-R; — C(0R)3l3 wherein X represents an oxygen or sulphur atom, R- is an 
alkylene group of 1 to 4 carbon atoms, and R represents an alkyl group of 1 to 12 
carbon atoms. These stabilizeis are non-toxic and may be incorporated in resins which 
are to be used in the packaging of foodstuff materials. We have now found that certain 
25 other compoui^is may be usad as stabilizers for vinyl chloride homopolymers and 25 
copolymers which are also noai-toxic and may be used in resins which may be incor- 
porated in resins which are to be used in the packaging of foodstuff materials. 

The present, invention, which is an improvement in or modification of the invention 
of Specification No. 1,110^58, accordingly provides heat stabilized compositions which 
30 comprise vinly chloride hmnopolymers or copolymers and, as stabilizer, at least one 30 
compound of formula : 

I 

O 
I 

R— C— 0— A* (1) 

A 
1. 



2 
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wbotin R represents an alkyl, pbenyl, phenylaU^ alkylpbenylaO^ halophenyl, nhro- 
pheayi or attend radical and AS A* and A', which may be tbe same or different, are 
hy ii f ogett ladtcab or oKygen-in te u upt e d hydrocaibon radicals and vfaerein any two or 
an of AS A' and A* may be joloed together to form a ting or rings or of formula 



5 x-flt*-C-OR?J^ ■ * 

wbcrein R* and R', which may be the same or different represent alkyl, ^^enyl, 
pheoylalk^ alkylpheayl, epoxyalkyl or alkylpheoylalkyl radicals, represents an 
aikylcne, pfaenylene or alkylpbeaylene radical and X represent an oxygen or sulphur 
atom or a single bond. The amount of stabilizer m the compositions is preferably from 

10 1 to 10% by weight based on the weight of the pdymer. Desirably the ortho esters 10 
used should form a homogeneous blend witii the polymer at die processing tempa:a- 
ture. Pieferted ortho esters aie those having a low vapour {^essure at the processing 
temperature since excessive foaming of the lesin is thereby avoided. 
Particularly suitable orther esten are : 

15 (3) those of formula (1) above wherein A*, A* and A' represent alkyl, phenyl, 15 

phen^alkyi, alig^lphenyl, epoxyalkyl or alkylphcnylalkyl radicals, 

(4) those of formula (2) above, and those of the following formulae: 

Oa' OA' 
OA* OA* 

(5) 

wherein R is as defined in formula (1) above, A* and A' are as defined m (3) above; 

R' represent an aUcylen^ phenylene, alkylalkylene, alkenylene, allcenyi ozyaOcyl- 20 

alkylene or alkyni^ene radical; and n is an integer of from 1 to 4. 

I I 
R-C-0 

wherein R is as defined in f otmula (1) above, A^ is as defined in (3) above; and R^ 
represents an alkylen^ alkylalkylene or alkenjialkoxyalkylalkykoe radical. 

d6 



0' \ 0'^ \ 25 

(7) 

vrtiereia R is as defined in formula (1) above, and R° and n are as defined in (5) 
and (6) above. 

R-C-0-R7-C-R^ 

(8) 

wherein R is as defined in formula (1) above, R' represents an aliTlene radical, and R' 

has any of tbe meamngs given for R in formula (1) above. 30 
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(9) 

vAuieta y is an mteger <^ from 2 to 10. 

The followmg tbree methods may be used to prepare orthoesters: 
A. Iminoester route, as set forth in Pumer, Ber., 16 356, 1644 (1883). 
5 The appropriate nitrile is reacted with one equivalent of dry hydrogen chloride 

and one equivalent of alodiol to fntm an iminoester hydrochloride **ich is then 

aIC(A(^?zed with an excess of alcohd to form the orthoestcr. The reaction may be 

represented as follows: 

NRHQ excess 
i R'OH 
RON +R'OH+Ha->R(X)R'+ ^RCXOROi+NH.a 

10 A dinitrile can be used as follows: 

NHzQ NH,C1 excess 
II II R'OH 

NCR'CN+2R'OH+2Ha-^R'OC-R-COR' >(R'0),CRqOR'),+2NH«CI 

Furthermore, dids may be used at eidier one or both steps of the syndiesis. 

NH.HCI NH.Ha 
2RCN + HOR'oH + 2HCI— * RCO-R'-OCR 
(R") (fi'O 



A A 

0, 0 0 0 



zhor'oh 



+2NH4a 

B. Exchange reactiwj as described by Mkhitaryan, V.J, Gen. Chem. (USSR) 
'15 5 1361 (1938). ^ ' 

The alkoxy groups of a readily available orthoesier such as triediyl orthoacetate 
are displaced by a higher boiling alcohol or polyol as follows: 

CH,qOC:H,), +3ROH-»CH»qOR),+3CsH,OH 

Furthermwe, the reaction may be carried out in two steps with two different 
20 alcdiols or pofyds. 

2CH3C(0C2»9j+ HOfiOH-Ol3C(OC2H5)20fiO(C2H50)2CCH3+ 2 HOCg^ 



R' R' 
4C2H50H + CH3-.C--ORO^C-CH3 



+ 2 HOR^OH 



C. Afcoholysis of trihalomethyl groups as described by Sah, P. and Ala., S.T., 
J. Am- Oicm. Soc. 54, 2664 (1932). 

Tht appropriately substituted trichloromethyl compound is treated with a metal 
25 alkoxide. 

RCCl^+3NaOR'-*RC(OR0,+3Naa 
Specific examples of orthoesters which may be used in the compoations of the 
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sJSSmpto to identify these compoonds.) 

CH^XoJs-CHr-O-C-CH. 
IcA 

I 

This <«np«n«i » coavenicady prtpaicd by routes A or B. 

OC^Hj OC^Hj 
I CH3-C-0-(CH2^0-i-CH3 

This compound is prepared by routes A or B. 

OCH3 H H OCH. 
CH, JM)-CTr-C =C-CH,(>-C-CH. 

m 

This canpound is prepared by routes A or B. 

CH3-ar> ?2 

CH3_>C — 0 -CH-CH^-CHg-p - C— CH3 

Tlib compound is prepared by routes A or B. 

CH2-CH2 ^-^h 

0 0 0^/ 
Y CH3-C-OCH2CHrO-CH2CH20-C-CH3 

This compound is prepared by routes A or B. 

CH5-CH— CH2 CHj-CH-CHj 

CH3-C~ 0 -CHzCHj-O -C-CH3 

This compound is prepared by routes A or B. 

BI CH,- 0 — CHg-C - CH2-CH3 
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This compound is pcq)aicd by route A. 



CH3-C -flCH^C-CHjO-C -CH3 
0 0 0 0 

This compound is prepared by route B. 
EX 

This compound is prepared by routes A or B. 

I CH3C-(0CH2-CHr-Cl^)j 



This compound is prepared by route B. 



CH3 

This compound is prepared by routes A and B. 
XIL Compounds containing the grouping 

CH3 0— CH- 



'2 



V \— CH— % 

wherein & is an integer of from 2 to 10. 
This compound is ptq»red by route B 

xni 

This compound is prepared by route A. 

CH,C(0CHj(CH.).CH,)2 
OCH, 

XIV 

This cMnpound is prepared by route A. 

(CH,0)ACH,)«C(OCH,), 

XV 

This compound is prepared by route A. 



XVI 

This compound is prq>ared by route A. 
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(QH,o>.qcHO«qocH,), 



OCH5 CjH, OCH, 

CHr--i-ocHj--i--o--i;-CH:, 

OCsK, CH.OCHsai=CHs 



)c,h:, 
xvn 

This auqraund is prepared by route B. 

^ ism 0 0 0 0 

This compound is prepared by route B. 

A A 

XIX c% Cl^ C% 

CHjJiC— 0CH2CH20--iC<— CH3 

This compound may be prepared by route B. 

It has also been fouad that the effectiveness of the orthce^ter stabilizers may be 
10 enhanced by adding thereto from 0.1 to 10 moles of a high boiling alcohol per mole 1< 
of orthoester. 

Typical alcohols which may be used possess the general structure 

R'(OH). 

wherein R' is an organic radical and x is an int^er of from 1 to 6. Preferably ^ese 
15 alcohols have a boiling point above about 175°C, 1- 
In the above fonnula R' may be alkyl, alkylphenyl, phenylalkyl, alkylene, 
phenylene, polyalkoxyalkylenc and multivalent counterparts thereof. Alcohols which 
may be used in elude a, m, p-xylene a, «'-diol, trimethylolpropane monopropyl ether, 
trimethylolpropane monoallyl ether, propylene giycd, diethylene glycol, dimethyl- 
26 oaadiynediol, pentaoythritol, trimediylolpropane, neopentylglycol, boizyl alcohol ^nd 2( 
dipentaerythritol. 

Polyvinyl chlorides which may be heat stabilized in accordance with the invention 
are vinyl chloride hcsnopolymers and copolymers having a number average molecular 
weight from about 10,000 to about 150^000 and a weight average molecular weight of 

25 from about 20,000 to 1,000,000. These vinyl chloride homopolymers and copolymers 2f 
are well known. The vinyl chloride copolymers are prepared by copolymerizing vinyl 
chloride with a copolymerizable monomer such as unsaturated esters which include 
vinyl acetate, vinyl formate, vinyl benzoate, vinyl stearate and vinyl oleate, as well as 
diethyl maleaie and diethyl fumarate. Copolymers may also be prepared by copoly- 

30 meriadng vinyl chloride with an acrylic ester such as methyl-, ethyl-, butyl- and ociyl 3{ 
acr3date. Vinyl chloride copolymers may also be prepared by polymerizing vinyl 
chloride with vinylidene chloride. The above-mentioned copolymers may contain up 
to 20% or even 401% by weight of copolymerizing monomer. 
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20 



The stabilizers are incorporated in the vinyl chloride homopolymers and 
copolyiners by any convcntfonal means. The incorporation may ht carried out con- 
veniently by first preparing a slurry of finely divided vinyl chloride htmiopolymcr or 
copolymer in a solution of the orthoester in a solvent such as methanol, acetCHie or 
5 ethyl ether. The solvent is then separated frcm tibc slurry and the polymer particles 5 
arc dried. This results in polymer particles which arc thoroughly coated with tiie artho 
esters. The incorporation of the stabilizers may also be brought about by milling the 
polymer at the softening temperatures therefor undl an intimate blend of the stabilizer 
widi the p(^ymer is achieved. Milling is generally conducted at conventional tempera- 
10 Oires of 150 to 200^C. for a time sufficient to obtain a thorough blending of the lo 
stabilizer with the polymer. 

The stabilized vinyl chloride compositicHis may be used in the formation of rigid 
polyvinyl chloride moulded articles. These rigid moulded pieces are formed in c<hi- 
vcnticHial extrusion and injection moulding devices which generally operate at tempera- 
15 turcs of 150 to 200®C The orthoester stabilizers effectively stabilize the vinyl chiwide 15 
homopolymer and copolymer during the moulding process and niake it possible to 
produce rigid mouldings having a low d^ree of odour diange and of good clarity. 

The polyvinyl chloride resins stabilized in accordance with the invention may be 
mixed with various plastidzers, such as high boiling esters indudxi^ the alkyl 
phthalatesy phosphates/ adipates, sebacates . and azelates^ and with various polymeric 20 
ester plastiazers. Also the compositions may contain other additives, sudi as cddum, 
zinc, magneshun and tin salts of carboxylic adds, and phosphate esters. Furthermore, 
the resins may be included in plastisol type preparations which are fabricated by dip- 
ping and deposit type moulding techniques. 
25 The following Examples serve to illustrate the invention. 25 

Examples 

In the following runs particulate polyvinyl chloride having a number average 
molecular weight of about 38,000 was diy blended with various amounts of ortho ester 
and/or polyhydric alcohol. The samples were then placed in the mixing chamber of a 
30 Brabender Plastograph at 190°C and open to the air. A roller speed of 60 rpm was 3Q 
used to knead die polymer formulations. The Brabender Plastograph continuously- 
records the torque required to koead the mass. From the torque values it is possible 
to determine: 

a. The time required for the powder mixture to form a workabk plastic mass 

35 (flux time) 35 

b. The force required to work the plastic mass (average torque value) 

c. The onset of crosslinking (decomposition time).. The actual temperature of 
the plastic mass was also continuously measured. Small samples of the polymers were, 
also removed periodically from the mixing chamber and their colour vahics compared 

40 to those of the standard Gardner scale, l^e results are summarized in the Table. 40 
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We make ao ckim herein to the abor^mentioDed oonq;K)sitions daimed in 
Specification No. 1,110,958. 

Sd>)ect to the foiling disdaimei, 
WHAT WE CLAIM IS : — 

1. Heat stabilized compositions which ccmprise vinyl diloride hcnnopolymeis or 
copoljrmeis and, as stabilizer, at least one compound of formula: 

A^ 
I 

0 

I 

R_C-0— A» 

i 

I 

wherein R represents an alkyl, phenyl, pfaenylalkyl, alkylphenyialkyl, halq>henyi, nitro- 
phenyl or alkenyl radical and A\ A\ and A* which may be the same or differeat^ are 
hydrocaibon radicals or oxygen-interrupted hydrocarbon radicab and wherein any two 
or all of A^ A* and A' may be joined together to form a ring or rings^ or of formula: 

0 

wherein RS R* and R=, which may be the same or different, represent alkylj phenyl, 
phenylalkyl, alkylphenyl, epoxyall^l or alkylphenyialkyl radicals, R^ represents an 
alkylene, phenylene or aikylpbenylene radical and X re^vesents an oxygen or sulphur 
atom or a singk bond. 

2. Oxnpositions according to claim i, containing horn 1 to 101% of stabilizer by 
weight based on the weight of ^ polymer. 

3. Compositions according to claim 1 or 2, wherein the stabilizer is an ortho 
ester of the first formula specified m claim 1, wherein A^, A* and A% represent alkyl, 
phenyl, phenylalJ^l, aikylphenyl, epoxyalkyl or alkylphenyialkyl radicals. 

4. Compositicms according to claim 1 or 2, wherein the stabilizer is an ortho 
ester <rf the formula : 




whercio R" represents an alkylene, pheaylcnc, alkylallgrlenc, alkenylenc, alkenyloxy- 
alkyl alkylene or alkynylene radical, n is an integer from 1 to 4 and R is as defined in 
claim 1 and A^ and A' are as defined in claim 3. 

5. Compositions according to daim 1 or 2, wherein the stabilizer is an ortho ester 
of the fOTmula: 

R-C-0 

wherein R* represents an alkylene, alkylalkylene or alkenylalkoxy alkylalkylene radical 
and R is as defined in claim 1 and A^ as defined in daim 3. 

6. Compositions according to claim 1 or 2, wherein the stabilizer is an ortho ester 
of the formula: 



«6 -6 

Sedans according to d«m lor 2, ^tJu^st^^ , " 

5 of die foonula: 

wherm R' rep«sents an alkylcne n^diod. R is as defined in daim 1. and R« has any 
*|."ar£§S SS^cim 1 or 2. wbcrein the stabilizer i, an ortho ester 
10 of thef<»mala: 

vrfi(wb J is an integer of firm 2 to 10. . daims, which comprise 

9. Compositions according to any one or me V^'^^^J'^* 

!!• SSS tea-mbited composition «! claimtd m »y out rf 



A method according to daim ajST^ described. 

Quartered Patent Ageats, 
14 Soudi SqoM, Gray's Inn, London, w.C.1. 
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p^^^ffi Pl^l SKM^' 19690507 GB 19660801 

AB^^Orthoesters and, optionally, high-boiling ales, were used as nontoxic heat stabilizers 
for vinyl chloride homopolymers and copolymers. Thus, poly- (vinyl chloride) (I) having 
a number-average mol . weight of 38,000 was dry blended with 5% oxydiethylene 
bis (ethylene cyclic orthoacetate) (Hi on a Brabender Plastograph at 190*>. The time 
required to form a workable plastic mass (flux time) was 2.0 min., the force required 
to work the plastic mass (average torque value) was 1.25 kg., the crosslinking or 
decomposition time was 20.0 min., and the polymer temperature was 199-204®. Rigid 
moldings produced from the polymer blend had a low degree of color change and good 
clarity. The addition of 0.1-10 moles high-boiling ale. /mole ester enhanced the effect 
of the ester. When I was blended with 5% II and 2% m-xylene- a,a'-diol, the time 
required to form a workable plastic mass was 1.5 min., the force required to work the 
plastic mass was 1.25 kg., the crosslinking or decomposition time was 26.0 min., and 
the polymer temperature was 193-9®. Similar heat-stabilized compns. were prepared 
using propylene bis(di-Et orthoacetate), 2-butenylene bis- (di-Et orthoacetate), 1- 
methyltrimethylene bis { 1-methyltrimethylene cyclic orthoacetate), propylene 
bis (propylene cyclic orthoacetate), trimethylolpropane bicyclic orthoacetate, 2- 
(allyloxymetkyl) -2-ethyltrimethylene bis [2- (allyloxymethyl) -2-ethyltrimethylene cyclic 
orthoacetatel] , hexapropyl orthoadipare, triglycidyl ortho-acetate, 2,2- 
dimethyltrimechylene bis (2 , 2-dimethyltrimethylene cyclic orthoacetate), poly[oxy{2- 
methyldioxolane - 2 , 4-diyl ) -methylenel , tri-Et orthoacetate, hexa-Me orthoadipate, 2- 
(allyloxymethyl) -2-ethyl - 1 , 2-butanediyl bis(di-Et orthoacetate), ethylene 
bis(ethylene cyclic orthoacetate), or ethylene bis (2, 2-di-methyltrimethylene cyclic 
orthoacetate). Addnl . ales, used were m- and p-xylene-a,a * -diol , trimethylolpropane 
mono-Pr ether, trimethylolpropane monoallyl ether, propylene glycol, diethylene glycol, 
dimethyloctadiynediol, pentaerthyritol , trimethylolpropane, neopentyl glycol, benzyl 
ale, and dipentaerythritol . 

IT 57-55-6, uses and miscellaneous 
RL: USES (Uses) 

(heat stabilizers from ortho esters and, for chloroethylene 
polymers) 

IT 9002-86-2, uses and miscellaneous 
RL: USES (Uses) 

(stabilizers for, ales, -ortho esters as) 



